® 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



0 Publication number: 



A 



0 336 303 

A2 



@ EUROPEAN PATENT APPLICATION 

© Application number: 89105651.7 © Int. CI. 4 : H04R 1/28 , H04R 3/00 

© Date of filing: 30.03.89 



® Priority: 04.04.88 JP 81344/88 
04.04.88 JP 81345/88 

© Date of publication of application: 
11.10.89 Bulletin 89/41 

© Designated Contracting States: 
DE FR QB SE 



© Applicant: YAMAHA CORPORATION 
10-1, Nakazawa-cho 
Hamamatsu-shi Shlzuoka-ken(JP) 

© Inventor: Furukawa, Kazunarl 

c/o Yamaha Corporation 10-1, Nakazawa-cho 
Hamamatsu-shi Shlzuoka-ken(JP) 



© Representative: Wagner, Karl H. et al 
WAGNER & GEYER Patentanwalte 
GewUrzmUhlstrasse 5 Postfach 246 
D-8000 MUnchen 22(DE) 



© Acoustic apparatus. 

© Disclosed is a compact, wide-range acoustic ap- 
paratus which can perform lower bass sound re- 
production and is free from noise or distortion com- 
ponents. Spatially separated first and second cham- 
bers are formed. The first and second chambers 
communicate with each other through a port, so that 
the first chamber and a resonance port constitute a 
Helmholtz resonator. An open port is formed in or a 
passive vibrating body is arranged on the outer wall 
surface of the second chamber, so that the second 
chamber and the opening or the passive vibrating 
body constitute an essential low-pass type acoustic 
filter. A vibrator is attached to the outer wall surface 
of the first chamber, so that the Helmholtz resonator 
Mis driven at the inner surface side of the vibrating 
^body of the vibrator, and an acoustic radiation is 
— directly performed from its outer surface side. The 
3 vibrator is driven to cancel an air counteraction from 
CO the resonator when the Helmholtz resonator is 
^driven. A cutoff frequency of the acoustic filter is set 
fffto be higher than a resonance frequency of the 
CO Helmholtz resonator and to be lower than the open 
«duct resonance frequency of the resonance port. 
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Acoustic Apparatus 



BACKGROUND OF THE INVENTION: 



(Field of the Invention) 

The present invention relates to an acoustic 
apparatus, utilizing a Helmholtz resonator, for ra- 
diating acoustic waves from both the resonator and 
a vibrator for driving the resonator and, more par- 
ticularly, to a compact, wide-range acoustic appara- 
tus which can perform lower bass sound reproduc- 
tion and is free from noise or distortion. 



(Description of the Prior Art) 

As an acoustic apparatus utilizing a Helmholtz 
resonance, a phase-inversion (bass-reflex) speaker 
system is known. Figs. 18A and 18B are respec- 
tively a perspective view and a sectional view 
showing an arrangement of the bass-reflex speaker 
system. In the speaker system shown in Figs. 18A 
and 18B, a hole is formed in the front surface of a 
cabinet 1 , a vibrator 4 consisting of a diaphragm 2 
and a dynamic speaker 3 is mounted in the hole, 
and a resonance port 8 having a sound path 7 
whose opening 6 is open to an external portion is 
formed therebelow. In the bass-reflex speaker sys- 
tem according to the conventional basic design, a 
resonance frequency (antiresonance frequency) f 0 p 
defined by an air spring of the cabinet 1 and an air 
mass in the sound path 7 is set to be lower than a 
lowest resonance frequency f Q of the vibrator 
(speaker) when the vibrator is assembled in the 
bass-reflex cabinet. At a frequency higher than the 
antiresonance frequency f 0 p, the phase of the 
sound pressure from the rear surface of the dia- 
phragm 2 is inverted at the sound path 7. Con- 
sequently, in front of the cabinet 1 , a sound directly 
radiated from the front surface of the diaphragm 2 
is in phase with a sound from the opening 6, thus 
increasing the sound pressure. As a result, accord- 
ing to an optimally designed bass-reflex speaker 
system, the frequency characteristics of the output 
sound pressure can be expanded to the resonance 
frequencies f Q of the vibrator or less. As indicated 
by an alternate long and two short dashed curve in 
Fig. 19, a uniform reproduction range can be 
widened as compared to an infinite plane baffle or 
closed baffle. 

However, in the bass-reflex speaker system, 
open duct resonance occurs at the resonance port 
portion, and the resonant sound is radiated as 
noise or a distortion component of an acoustic 
wave. 



In order to eliminate such distortion or noise, 
another acoustic apparatus wherein a small-diam- 
eter portion is formed in the central portion of a 
port to eiiminate port resonance has been pro- 

s posed (Japanese Utility Model Publication No. sho 
54-35068). However, in this case, as the diameter 
of the small-diameter portion is decreased to en- 
hance a filter effect, an acoustic resistance of the 
port is increased, and the Q value of the Helmholtz 

ro resonance is decreased. As a result the behaviour 
of the speaker system approximates an operation 
of a closed type speaker system, and its frequency 
characteristics approximate those indicated by an 
alternate long and short dashed curve in Fig. 19. 

rs Therefore, bass-sound radiation power is de- 
creased. 

Fig. 20 shows an arrangement of an acoustic 
apparatus filed as Japanese Patent Application No. 
sho 62-334262 by the present applicant. In the 

20 system shown in Fig. 20, the resonance frequency 
f 0 p of a Helmholtz resonator is set to be still lower 
than that of a conventional bass-refiex speaker 
system, and a vibrator for driving the Helmholtz 
resonator is driven to cancel an air counteraction 

25 from the resonator when the resonator is driven, 
thus realizing a compact acoustic apparatus which 
can perform lower bass sound reproduction. Fig.* 
21 shows frequency characteristics of a sound 
pressure of the system shown in Fig. 20. 

30 In Fig. 21, a solid curve represents frequency 

characteristics of an acoustic sound pressure reso- 
nantly radiated from the resonance port 8 of the 
resonator, and a broken curve represents frequen- 
cy characteristics of an acoustic sound pressure 

as directly radiated from the converter (speaker). 

However, in the system shown in Fig. 20, since 
the length of the resonance port Is increased in 
order to reduce the cabinet size and to decrease 
the resonance frequency of the Helmholtz resona- 

40 tor, an open duct resonance frequency of the reso- 
nance port is about 500 Hz, i.e., is lower than that 
of the conventional bass-reflex cabinet. Since the 
resonator is driven as described above, the Q value 
of the Helmholtz resonator is higher than that of the 

45 conventional one, and the amount of air passing 
through the resonance port is increased. For this 
reason, the frequency and level of an open duct 
resonant sound cannot be ignored, as indicated by 
peaks at frequencies ft and h in the characteristics 
so curve of the resonator shown In Fig. 21. 



SUMMARY OF THE INVENTION : 

The present invention has been made in con- 
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sideration of the above situation, and has as its 
principal object to provide a compact acoustic ap- 
paratus which employs a Helmholtz resonator hav- 
ing a resonance port, can perform I ower" b as s~ 
sound reproduction, and can prevent an unnec- 
essary open duct resonant sound caused when the 
Helmholtz resonator is driven so as to eliminate 
noise or a radiated sound distortion. 

It is a second object of the present invention to 
provide an acoustic apparatus in which sound sour- 
ces, i.e. a vibrator and a Helmholtz resonant sound 
radiation port can be desirably arranged in accor- 
dance with a reproduction environment. 

In order to achieve the above objects, accord- 
ing to the present invention, spatially separated first 
and second chambers are formed. The first and 
second chambers communicate with each other 
through a port, so that the first chamber and a 
resonance port constitute a Helmholtz resonator. 
An open port is formed in or a passive vibrating 
body is arranged on the outer wall surface of the 
second chamber, so that the second chamber and 
the opening or the passive vibrating body con- 
stitute an essential low-pass type acoustic filter. A 
vibrator is attached to the outer wall surface of the 
first chamber, so that the Helmholtz resonator is 
driven at the inner surface side of the vibrating 
body of the vibrator, and an acoustic radiation is 
directly, performed from its outer surface side. The 
vibrator is driven, to cancel an air counteraction 
from the resonator when the Helmholtz resonator is 
driven. A cutoff frequency of the acoustic filter is 
set to be higher than a resonance frequency of the 
Helmholtz resonator and to be lower than the open 
duct resonance frequency of the resonance port. 

The "essentia! low-pass type acoustic filter" 
herein includes an LPF (low-pass filter) and a BPF 
(band-pass filter) which has a sufficiently low cutoff 
frequency at a low frequency side and does not 
attenuate a signal in a predetermined resonant 
sound frequency range, and also includes a BEF 
(band eliminate filter) which has a sufficiently high 
attenuation band within a range in which the open 
duct resonant sound can be sufficiently attenuated, 
and does not attenuate a signal in the resonance 
frequency range, and the like. 

The first and second chambers are formed by 
partitioning a single cabinet but may be formed as 
spaces In two independent cabinets. 

According to the present invention with the 
above-mentioned structure, the vibrator is driven to 
cancel an air counteraction from the resonator 
when the Helmholtz resonator is driven. More spe- 
cifically, the vibrator is driven in a sufficiently 
damped state, i.e., a so-called "dead" state without 
being influenced by the air counteraction from the 
resonator side, i.e., the first chamber side. For this 
reason, the frequency characteristics of a directly 



radiated acoustic wave are not influenced by the 
volume of the space of the rear surface of the 
vibrator. The volume of the first chamber can be 

reduced-as-long-as-tt-serves-as-a cavity of the 

5 Helmholtz resonator and a chamber of the vibrator. 
When viewed from the Helmholtz resonator side, 
the fact that the vibrator is driven to cancel the air 
counteraction from the resonator side when the 
resonator is driven implies that the diaphragm of 

10 the vibrator becomes an equivalent wall which can- 
not be driven by the resonator side. Therefore, the 
Q value of the Helmholtz resonator is not influ- 
enced by the characteristics of the vibrator. Even if 
the resonance frequency fop is decreased, a suffi- 

75 cientiy high Q value can be assured. Thus, if the 
first chamber and hence, the cabinet are rendered 
compact, a bass sound (resonant sound) having a 
sufficient level can be generated by the Helmholtz 
resonator. 

20 When the resonant sound passes the essential 
low-pass type acoustic filter constituted by the sec- 
ond chamber and the opening or the passive 
vibrating body, a frequency component higher than 
the cutoff frequency, e.g., an open duct resonant 

25 sound of the resonance port (duct), is cut off. 
Therefore, only the resonant sound from the Helm- 
holtz resonator is essentially radiated outside the 
cabinet through the opening or the passive vibrat- 
iftg body. 

30 In this manner, according to the present inven- 

tion, the vibrating . body of the vibrator directly 
radiates an acoustic wave having characteristics 
corresponding to a sufficiently dead state of the 
vibrator, and the opening or the passive vibrating 

35 body of the second chamber radiates a bass sound 
by Helmholtz resonance, from which distortion and 
noise components are removed by the low^pass 
filter. 

According to the present invention, a compact, 

40 wide-range acoustic apparatus which can perform 
lower bass sound reproduction and is free from 
noise and distortion is provided. 

When the first and second chambers are 
formed in a single cabinet,, the system has an outer 

45 appearance simitar to a conventional bass-reflex 
speaker system or a drone cone speaker system, 
and there is no strange aspect as to the shape of 
the speaker system. 

When the first chamber with the vibrator and 

so the second chamber with the opening or passive 
vibrating body as the radiation port of the Helm- 
holtz resonant sound are formed in two separate 
cabinets, design margin of the two sound sources, 
e.g., the vibrating body of the vibrator and the 

55 Helmholtz resonant sound radiation port can be 
widened. 

In the latter case, the outer appearance is very 
similar to a speaker system disclosed in Japanese 



3 



EP 0 336 303 A2 6 



Utility Mode! Laid-Open No. sho 55-46376. in this 
conventional system, a speaker unit is arranged in 
a first cabinet, and a closed space is defined 
behind this unit to constitute a drive portion. A 
passive vibrating body is disposed on a wall sur- 
face of a second cabinet which is spatially sepa- 
rated from the first cabinet so as to constitute a 
radiation portion. A space in front of the speaker 
unit in the first cabinet communicates with a space 
in the second cabinet through a communication 
pipe. 

However, this speaker system reproduces a 
low frequency determined by a transformation ratio 
and an equivalent mass of the passive vibrating 
body and a speaker diaphragm, spaces in front of 
the speaker unit in the first cabinet, in the commu- 
nication pipe, and in the second cabinet, and the 
drive portion does not contribute to external acous- 
tic radiation at all. For this reason, a reproduction 
band is limited to the low range, and is narrow. In a 
system of this type, a speaker unit is driven at a 
constant voltage by a conventional power amplifier. 
In this case, if the diameter of the communication 
pipe is reduced and an acoustic resistance is in- 
creased, a radiation power of the drive portion is 
not enough to transmit acoustic energy to the radi- 
ation portion. Furthermore, a low frequency band to 
be reproduced is determined by spaces in front of 
the speaker unit in the first cabinet, in the commu- 
nication pipe, and in the second cabinet Thus, in 
order to. realize lower bass sound reproduction, the 
system becomes large in size. 

In contrast to this, according to the present 
invention, the vibrator is used for both directly 
radiating sounds in middle and high sound ranges 
and driving the resonator, and is driven to cancel 
an air counteraction from the resonator side, thus 
improving a direct radiation power of a bass sound 
range and allowing the resonator to radiate a sound 
in the bass sound range. For this reason, according 
to the present invention, there can be provided an 
acoustic apparatus which can perform wide-range 
acoustic reproduction from a bass sound range to 
middle and high sound ranges, which is not consid- 
ered in a conventional system, although it has a 
smaller cabinet than that of the conventional sys- 
tem. 



BRIEF DESCRIPTION OF THE DRAWINGS : 

Fig. 1 is a diagram for explaining an arrange- 
ment of an acoustic apparatus according to a first 
embodiment of the present invention; 

Fig. 2 is a graph showing frequency char- 
acteristics of a sound pressure of an acoustic wave 
radiated from the acoustic apparatus shown In Fig. 
i; 



Fig. 3 is a mechanically equivalent circuit 
diagram of the acoustic apparatus shown in Fig. 1 ; 

Figs. 4A and 4B are electrically equivalent 
circuit diagrams of the acoustic apparatus shown In 
s Fig. 1 : 

Fig. 5 is a graph showing inpuVoutput char- 
acteristics of a portion A shown in Fig. 4A cor- 
responding to a mechanical acoustic filter of the 
apparatus shown in Fig. 1; 

ro Fig. 6 is a diagram for explaining an acoustic 

apparatus according to a modification of the first 
embodiment 

Fig. 7 is a mechanically equivalent circuit 
diagram of the acoustic apparatus shown in Fig. 6; 

75 Figs. 8A and 8B are electrically equivalent 

circuit diagrams of the acoustic apparatus shown in 
Fig. 6; 

Fig. 9 is a graph showing input/output char- 
acteristics of a portion B shown in Rg. 8A; 
so Rg. 10 is a diagram for explaining an ar- 

rangement of an acoustic apparatus according to a 
second embodiment of the present invention; 

Rgs. 11A and 11B and Rgs. 12 to 17 are 
diagrams showing arrangements of acoustic ap- 
25 paratuses according to modifications of the second 
embodiment, respectively; 

Rgs. 18A and 18B are respectively a per- 
spective view and a sectional view showing an 
arrangement of a conventional bass-reflex speaker 
30 system; 

Rg. 19 is a graph for explaining sound pres- 
sure characteristics of the speaker system shown 
In Rgs. 18A and 18B; 

Rg. 20 is a sectional view showing an ar- 
35 rangement of a speaker system according to a 
prior application; 
and 

Rg. 21 is a graph for explaining sound pres- 
sure characteristics of the speaker system shown 
40 in Fig. 20. 



DETAILED DESCRIPTION OF THE PREFERRED 
ElMBdDlMENTg " 

Preferred embodiments of the present inven- 
tion will now be described with reference to Rgs. 1 
to 17. Note that the same reference numerals In 
the following description denote the common or 
so corresponding components in the apparatuses 
shown in Rgs. 18 and 20. 



(Rrst Embodiment) 

66 

Rg. 1 shows a basic arrangement of an acous- 
tic apparatus according to a first embodiment of 
the present invention. In an acoustic apparatus 
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(speaker system) shown In Rg. 1 , the interior of a 
cabinet 1 is partitioned into first and second cham- 
bers 11 and 12 by a partition waii 10, and the first 
and second chambers 11 and 12 communicate 
with each other through a resonance port 8. An 
opening 13 is formed in a portion of the front 
surface of the cabinet 1 which constitutes the sec- 
ond chamber 12. A hole is formed in a portion 
constituting the first chamber 1 1 above the opening 
13, and a vibrator (speaker unit) 4 constituted by a 
diaphragm 2 and a dynamic electro-acoustic con- 
verter 3 is mounted in the hole. The first chamber 
1 1 and the resonance port 8 constitute a Helmholtz 
resonator. In this Helmholtz resonator, an air reso- 
nance phenomenon is caused by an air spring in 
the first chamber 11 as a closed cavity and an air 
mass in a sound path 7 of the resonance port 8. A 
resonance frequency f 0 p is given by: 
fop * c(S/lV) ,/2 /2v (1) 

where c is the sonic speed, S is the sectional area 
of the sound path 7, i is the length of the reso- 
nance port 8. and V is the volume of the first 
chamber 11. 

In the acoustic apparatus of this embodiment, 
the converter 3 of the vibrator 4 is connected to a 
vibrator driver 30. The vibrator driver 30 comprises 
a servo unit 31 for performing an electrical servo 
so as to cancel an air counteraction from the reso- 
nator when the Helmholtz resonator constituted by 
the first chamber 1 1 and the resonance port 8 is 
driven. The servo system can be one which drives 
the vibrator, the converter, and the like so as to 
cancel an internal impedance inherent in the con- 
verter 3. As the servo system, a known circuit, 
such as a negative impedance generator for equiv- 
alent generating a negative impedance compo- 
nent (-Zo) in an output Impedance, a motional 
feedback (MFB) circuit for detecting a motional 
signal corresponding to the behaviour of the dia- 
phragm 2 and negatively feeding back the signal to 
the input side by a proper means, or the like may 
be empolyed. A low-pass filter 32 is arranged to 
allow a signal in a range of this speaker system to 
pass therethrough and to supply it to the vibrator 4. 

An operation of the acoustic apparatus with the 
arrangement shown in Rg. 1 will be described 
below. 

When a drive signal is supplied from the vibra- 
tor driver 30 to the vibrator 4, the converter 3 
electro-mechanically converts the drive signal to 
reciprocate the diaphragm 2 in the back-and-forth 
direction (right-and-left direction in Rg. 1). The 
diaphragm 2 mechano-acoustlcally converts the re- 
ciprocal movement. The front surface side (right 
surface side in Rg. 1) of the diaphragm 2 con- 
stitutes a direct radiation portion for directly exter- 
nally radiating an acoustic wave, and the rear sur- 
face side (left surface side in Rg. 1) of the dia- 
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phragm 2 constitutes a resonator driving portion for 
driving the Helmholtz resonator constituted by the 
first chamber 11 and the resonance port 8. Al- 
though an air counteraction from the air in the first 

s chamber 1 1 acts on the rear surface side of the 
diaphragm 2, the vibrator driver 30 is servo-driven 
so as to apparently invalidate or eliminate a voice 
coil resistance of the vibrator 4. Thus, the vibrator 4 
Is driven to cancel the air counteraction. 

io In this manner, since the vibrator 4 is driven to 
cancel the air counteraction from the resonator 
when the Helmholtz resonator is driven, the dia- 
phragm 2 cannot be driven from the side of the 
resonator, and serves as a rigid body, i.e., a wali. 

is Therefore, the resonance frequency and the Q val- 
ue of the Helmholtz resonator are independent 
from those of the vibrator 4 as the direct radiation 
portion, and the resonator drive energy from the 
vibrator 4 is given Independently of the direct radi- 

20 ation portion. Since the vibrator 4 is driven in a so- 
called "dead" state wherein it is not influenced by 
the air counteraction from the resonator, i.e., the 
first chamber 1 1 , the frequency characteristics of a 
directly radiated acoustic wave are not influenced 

25 by the volume of the first chamber 11. Therefore, 
according to the arrangement of this embodiment, 
the volume of the first chamber 11 as the cavity of 
the Helmholtz resonator can be reduced as com- 
pared to a conventionaJ bass-reflex speaker sys- 

30 tern. In this case, if the resonance frequency fop is 
set to be lower than that of the conventional bass- 
reflex speaker system, a sufficiently high Q value 
can be set. As a result, in the acoustic apparatus 
shown in Rg. 1, the first chamber 11 is reduced in 

35 size as compared to the bass-reflex speaker sys- 
tem, and reproduction of lower bass sounds can be 
performed. 

In Rg. 1, the converter 3 drives the diaphragm 
2 is response to the drive signal from the vibrator 

40 driver 30, and independently supplies drive energy 
to the Helmholtz resonator constituted by the first 
chamber 11 and the resonance port 8. Thus, an 
acoustic wave is directly radiated from the dia- 
phragm 2 as indicated by . an arrow a in Rg. 1- At 

46 the same time, air in the cabinet 1~ls resonated, 
and an acoustic wave having a sufficient sound 
pressure can be resonantly radiated from an open- 
ing 6 of the resonance port 8 as indicated by an 
arrow c in Rg. 1 . 

so A system shown in. Rg. 20 in which the reso- 
nance port 8 is directly open to an external portion 
will be examined again. In this case, the Helmholtz 
resonant sound is radiated outside the cabinet 1, 
as indicated by arrow b in Rg. 20, the resonance 

55 frequency f 0 p is set to be lower than a reproduction 
frequency range of the converter 3 by adjusting an 
air equivalent mass in the sound path 7 of the 
resonance port 8 in the Helmholtz resonator, and a 
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sound pressure of a proper level can be obtained 
from the opening B of the resonance port 8 by 
adjusting an equivalent resistance of the sound 
path 7 to set the Q value to be an optimal level. 
Under these conditions, the frequency characteris- 
tics of a sound pressure shown in, e.g., Fig. 21 can 
be obtained. 

In the system shown in Fig. 20, the resonance 
port 8 suffers from open duct resonance by an air 
flow passing through the resonance port 8 by Hel- 
mholtz resonance, and acoustic waves having fre- 
quencies: 
fi * c2t (2) 
h = c4t (3) 

by the open duct resonance are radiated as in- 
dicated by a solid curve in Fig. 21. These waves 
are mixed in a resonantly radiated acoustic wave of 
the Helmholtz resonator as a distortion or noise 
component This drawback is posed when the vi- 
brator (speaker unit) 4 is driven by a conventional 
power amplifier of a constant voltage drive system, 
and is particularly conspicuous when the Q value of 
the Helmholtz resonator is improved to increase 
the sound pressure of the resonance radiation by 
driving the converter 3 to cancel the air counterac- 
tion from the Helmholtz resonator. 

In the embodiment shown in Fig. 1 . a resonant 
sound from the resonance port 8 is radiated 
through the second chamber 12 and the opening 
13. 

Fig. 3 shows a mechanically equivalent circuit 
of the apparatus shown In Fig. 1. Fig. 4A shows an 
electrically equivalent circuit of Fig. 3. In Fig. 3, 
reference symbol m 0 denotes an equivalent mass 
of .a vibration system (speaker); r 0 , an equivalent 
resistance of the vibration system; So, an equiv- 
alent stiffness of the vibration system; mi. an 
equivalent mass of the resonance port 8; Si, an 
equivalent stiffness of the main cabinet (first cham- 
ber) 11; m2, an equivalent mass of the opening 13; 
t2. an equivalent resistance by a sound absorbing 
member 14 on the wall surface of the front cabinet 
(second chamber) 12; and S2, an equivalent stiff- 
ness of the second chamber 12. Reference symbol 
A denotes a force coefficient When the vibrator 4 
comprises a dynamic electro-acoustic converter 
(speaker). A = Bl v is established where B is the 
magnetic flux density in a magnetic gap and l v is 
the wire length of a voice coil conductor. 

In Fig. 4A, a portion A is an equivalent circuit 
corresponding to the second chamber 12 and the 
opening 13. Fig. 4B is an equivalent circuit rewrit- 
ing the portion A of Fig. 4A to have the opening 13 
as an output terminal. As can be understood from 
these equivalent circuits, the second chamber 12 
and the opening 13 constitute a secondary LPF 
(low-pass filter). 

In the embodiment shown in Fig. 1, the volume 



of the second chamber 12 and the area of the 
opening 13 are appropriately selected, so that a 
cutoff frequency f c of LPF is set to be a value (e.g.. 
150 Hz) higher than the Helmholtz resonance fre- 

5 quency fop (e.g.. 50 Hz) and lower than a fun- 
damental frequency fi (e.g., 500 Hz) of the open 
duct resonance. Therefore, when the resonant 
sound from the resonance port 8 is radiated 
through the LPF constituted by the second cham- 

70 ber 12 and the opening 13, open duct resonance 
frequencies appearing as peaks at the positions of 
frequencies U and h in Fig. 21, i.e., noise or 
distortion components caused by open duct reso- 
nance can be reduced or removed, as shown in 

;s Fig. 2. Note that the sound absorbing member 14 
such as glass wool adhered to the wail surface in 
the second chamber 12 Is arranged to appropri- 
ately prevent resonance in the second chamber 12. 

20 

(Modification of First Embodiment) 

Fig. 6 shows modification wherein a passive 
vibrating body 16 is arranged in place of the open- 

25 ing 13 In Fig. 1. Fig. 7 and Figs. 8A and SB 
respectively show a mechanically equivalent circuit 
and electrically equivalent circuits of the arrange- 
ment shown in Fig. 6. In these drawings, reference 
symbols mo. mi, r 0l r 2l so, st, and A are common 

30 to those defined in Fig. 3. Reference symbol ma 
denotes an equivalent mass of the passive vibrat- 
ing body 16; and S 3 , an equivalent support stiff- 
ness of the passive vibrating body 16. 

A portion B in Fig. 8A corresponding to the 

36 second chamber 12 and the passive vibrating body 
16 in the arrangement shown in Fig. 6 can be 
rewritten to have the passive vibrating body 16 as 
an output terminal, as shown in fig. 8B. and con- 
stitutes a BPF (band-pass filter), as can be seen 

40 from Fig. 8B. Therefore, in the arrangement shown 
in Fig. 6, the volume of the second chamber 12 
and the equivalent mass of the passive vibrating 
body 16 are appropriately selected, a sound ab- 
sorbing member such as glass wool is filled in the 

46 second chamber 12, and so on, so that an upper 
cutoff frequency feu of the BPF is set to be a value 
(e.g.. 150 Hz) higher than the Helmholtz resonance 
frequency f 0 P (e.g., 50 Hz) and lower than a fun- 
damental frequency fi (e.g., 500 Hz) of the open 

60 duct resonance, and its lower-limit cutoff frequency 
fc Is set to be a value sufficiently lower than the 
resonance frequency f 0 p. When a resonant sound 
from the resonance port 8 is radiated through this 
BPF, i.e., the second chamber 12 and the passive 

66 vibrating body 16, open duct resonance frequen- 
cies appearing as peaks at the positions of fre- 
quencies fi and f 2 in Fig. 21, i.e., noise or distor- 
tion components caused by open duct resonance 
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can be reduced or removed, as shown (n Fig. 2. 
Note that the sound absorbing member 14 such as 
glass wool adhered to the wall surface in the sec- 
ond chamber 12 serves as a damper for appro- 
priately suppressing resonance caused by the sec- 
ond chamber 12 and the opening 13. 



(Second Embodiment) 

Fig. 10 shows a basic arrangement of an 
acoustic apparatus (speaker system) according to a 
second embodiment of the present invention. In the 
acoustic apparatus shown in Fig. 10. first and sec- 
ond chambers are formed in separate cabinets 
unlike in the first embodiment shown in Fig. 1. 
More specifically, in the acoustic apparatus shown 
in Fig. 10, a first cabinet (first chamber) 11 and a 
second cabinet (second chamber) 12 communicate 
with each other through a duct (resonance port) 8. 
A hole is formed in the wall surface of the first 
cabinet 11, and a vibrator (speaker unit) 4 con- 
stituted by a diaphragm 2 and a dynamic electro- 
acoustic converter (speaker) 3 is mounted in the 
hole. An opening 13 Is formed in the wall surface of 
the second cabinet 12. 

Although the outer appearance of the acoustic 
apparatus shown in Fig. 10 is different from that 
shown in Fig. 1. they are quite equivalent in an 
acoustic sense. More specifically, the resonance 
frequency f 0 p of the Helmholtz resonator consti- 
tuted by the first cabinet 1 1 and the duct 8 is given 
by the following equation as in equation (1): 
fop - c(S/tV) 1/2 /2*- 

A mechanically equivalent circuit of the apparatus 
shown in Fig. 10 is as shown in Fig. 3, electrically 
equivalent circuits are as shown in Figs. 4A and 
4B, and characteristics of the resonator and char- 
acteristics of an acoustic filter constituted by the 
second cabinet 12 and the opening 13 are as 
shown in Rg. 5 as in the apparatus shown in Fig. 1. 

Note that the opening 6 of the duct 8 and the 
opening 13 are preferably arranged to oppose each 
other as strictly as possible so as not to disturb 
and air flow In the duct 8. This also applies to the 
first embodiment 

According to the second embodiment, since 
two sound sources, i.e., the vibrator 4 and a bass 
sound source (resonant sound radiation port) can 
be arranged at different locations separated by the 
duct 8. the sound sources can be relatively freely 
arranged in addition to the effects of the first em- 
bodiment 



(Modifications of Second Embodiment) 

In Rg. 11 A and 11B, the first cabinet 11 and 



303 A2 




the second cabinet 12 are juxtaposed, and the duct 
8 is connected to opposing side surfaces of the 
first and second cabinets. In addition, the vibrator 4 
and the opening 13 are formed in the front surfaces 

5 of the first and second cabinets. The opening 13 is 
formed into a rectangular slit. 

Rg. 12 shows a modification wherein a passive 
vibrating body (fiat drone cone) 18 is arranged in 
place of the opening (rectangular slit) 13 in Rg. 10. 

io The apparatus shown in Rg. 12 is equivalent to 
that shown In Rg. 6 in an acoustic sense, and 
operates in the same manner as in Rg. 6. For 
example, the second cabinet 12 and the passive 
vibrating body 16 constitute and acoustic filter 

75 which is represented by equivalent circuits shown 
in Rg. 7 and Rgs. 8A and 8B, and has characteris- 
tics shown in Rg. 9. as the apparatus shown in Rg. 
6. 

Rg. 13 shows a modification wherein the sec- 

20 ond cabinet 12 is arranged in a room H separate 
from that in which the first cabinet 11 is placed, 
and the duct 8 extends from the rear surface of the 
first cabinet 11 and is connected to the second 
cabinet 12 through a partition wall 20 of the room. 

25 Rg. 14 shows a modification wherein the 

present invention is applied to a so-called 3-way 
speaker system. Side surfaces of the juxtaposed 
first and second cabinets 1 1 and 1 2 are connected 
through two ducts 8a and 8b. A tweeter 21 , a mld- 

30 range speaker 22, and a woofer 23 are arranged on 
the first surface of the first cabinet 11, and the 
passive vibrating body 16 is arranged on the front 
surface of the second cabinet 12. 

Rgs. 15 to 17 show modifications wherein the 

35 present invention is applied to a 3D (three-dimen- 
sional) system. Rg. 15 shows a modification 
wherein two systems shown in Rg. 1 1 are symmet- 
rically arranged so that left and right second cabi- 
nets 1 2 are arranged adjacent to each other at the 

40 center. Rg. 16 shows a modification wherein a 
single second cabinet 12 Is commonly used for the 
left and right systems. In Rg. 16. a relatively large 
opening 13 Is formed. Rg. 17 shows a modification 
wherein left and right ducts 8 and 8' have different 

45 lengths t and t\ and the left and right systems 
have different tuning frequencies (resonance fre- 
quencies of the Helmholtz resonators). Such a 3D 
system is preferably used in a radio/cassette tape 
recorder, a TV, and the like. 

60 In the above embodiments, the opening 13 
may have desired shapes, e.g., a circular, rectan- 
gular shape, and the like, and may be replaced 
with the passive vibrating body 16 shown in Rgs. 6 
and 14: In the embodiments shown In Rgs. 13 and 

55 14, the passive vibrating body 16 may be replaced 
with the opening 13 shown in Rg. 11 and the like. 
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Claims 

1. An acoustic apparatus comprising: 
first and second chambers; 
a duct for causing the first and second chambers 
to communicate with each other, the duct constitut- 
ing a Helmholtz resonator together with the first 
chamber; 

a vibrator arranged on the outer wall surface of the 
first chamber, the vibrator directly externally radiat- 
ing an acoustic wave from the outer surface of a 
vibrating body and driving the Helmholtz resonator 
at its inner surface; 

an opening formed in the second chamber and 
constituting an essential low-pass type acoustic 
filter together with the second chamber, the acous- 
tic filter having a cutoff frequency which is set to 
be higher than a resonance frequency of the Helm- 
holtz resonator and to be lower than an open duct 
resonance frequency of the duct; and 
a vibrator driver for driving the vibrator to cancel an 
air counteraction from the resonator when the Hel- 
mholtz resonator is driven. 

2. An acoustic apparatus to claim 1, wherein 
said first and second chambers are formed by 
partitioning an interior of a single cabinet 

3. An acoustic apparatus according to claim 1, 
wherein said first and second chambers are formed 
in two cabinets which are separated from each 

other. " 

4. An apparatus according to claim 1, wherein 
a damping member for preventing resonance is 
provided in said second chamber. 

5. An apparatus according to claim 1, wherein 
said opening port and duct are positioned opposite 
to each other. 

6. An apparatus according to claim 3, wherein 
said first and second chambers are disposed side 
by side in a row. 

7. An acoustic apparatus comprising: 
first and second chambers; 

a duct for causing the first and second chambers 
to communicate with each other, the duct constitut- 
ing a Helmholtz resonator together with the first 
chamber; 

a vibrator arranged on the outer wall surface of the 
first chamber, the vibrator directly externally radiat- 
ing an acoustic wave from the outer surface of a 
vibrating body and driving the Helmholtz resonator 
at its inner surface; 

a passive vibrating body disposed in the second 
chamber and constituting an essential low-pass 
type acoustic filter together with the second cham- 
ber, the acoustic filter having a cutoff frequency 
which is set to be higher than resonance frequency 
of the Helmhoitz resonator and to be lower than an 
open duct resonance frequency of the duct; and 
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a vibrator driver for driving the vibrator to cancel an 
air counteraction from the resonator when the Hel- 
mholtz resonator is driven. 

8. An acoustic apparatus to claim 7, wherein 
said first and second chambers are formed by 
partitioning an interior of a single cabinet. 

9. An acoustic apparatus according to claim 7, 
wherein said first and second chambers are formed 
in two cabinets which are separated from each 

other. * 

10. An apparatus according to claim 7, wherein 
a damping member for preventing resonance is 
provided in said second chamber. 
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